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1. 
INTRODUCTION 
The work described in this thesis involves the development of 
a quantitative infrared analysis of purines and pyrimidines. The 
overall problem into which this thesis fits involves the nucleic 
acids (of which the purines and pyrimidines are hydrolysis products) 
and their possible connection with cancer. 
The working hypothesis involved is that in the course of the 
neoplastic change, certain alterations take place in those nucleo-
proteins which govern the transmission of chemical characteristics 
from parent to daughter cells; and that the imperfect enzyme pattern 
transmitted by the altered nucleoprotein so affects cellular chemis-
try as to cause growth to be unlimited. Since high energy radia-
tion is carcinogenic (34), these chemical changes or changes similar 
to them may occur lg vitro when nucleic acids are exposed to appro-
priate irradiations. 
The usual procedures for studying nucleic acids and their hydro-
lysis products could well be insufficient to detect the minor changes 
that might occur. Ultra-violet spectroscopy would not detect changes 
less drastic than the rupture of the purine or pyrimidine ring (19). 
Physical methods involving anisotropy and viscosity of nucleic acid 
solutions would detect no changes short of drastic alterations in 
the polymeric state of the molecule (16, 63). Infrared spectroscopy, 
however, with its specificity for atomic bondings and groupings, 
might well be an analytical tool specifically useful for the deter-
mination of minute changes within the nucleic acid molecules. 
2. 
As a first step in the development of infrared spectroscopy as 
an adequate tool for this problem, quantitative infrared determina-
tion of a representative purine and pyrimidine was undertaken. Prior 
to this work, no such quantitative determination of purines or pyri-
midines had been described in the literature. 
3. 
HISTORICAL REVIEW 
Possible role of nucleic acids in cancer. 
There are known two types of nucleic acids, desoxypentosenucleic 
acid (DNA) and pentose nucleic acid (PNA), both of which are present 
in all types of cells, both plant and animal. The main biological 
distinction is that PNA is primarily cytoplasmic and DNA primarily 
nuclear, occurring in the chromosomes, which are the bearers of 
heredity (25, 28). 
The composition of the chromosomes has been studied histochemi-
cally by Brachet (12), by the ultra-violet absorption technique of 
Caspersson (20, 21, 22), and by ordinary chemical procedures, after 
isolation in bulk, by Mirsky and Ris (54). The results of the in-
vestigations of Mirsky and Ris into lymphocytic chromosomes showed 
them to consist of 90-92% nucleohistone of which practically all 
the nucleic acid is DNA, of 8-10% of "residual chromosome" of which 
7.5-14% is PNA and only 1.5-2.6% DNA. The protein of the "residual 
chromosome" is a non-histone tryptophan-containing protein which 
Mirsky and Ris call "residual protein" but which has been shown to 
be identical to Mirsky and Pollisterts chromosin (53) and Stedman 
and Stedman's chromosomin (67). The relative proportions of these 
various constituents vary in chromosomes from different sources. 
The overall picture for a chromosome thread is that of a non-histone 
~ protein imbedded in a matrix of nucleohistone, and it now seems most 
probable that this non-histone protein in association with nucleo-
histone (of which the major nucleic acid is DNA) is the carrier of 
heredity. 
In order that the genes of the chromosomes remain constant from 
cell generation to cell generation as carriers of heredity, it is 
necessary that they auto-reproduce at each mitosis. The mechanism 
whereby this is done is as yet unknown but certain hypotheses have 
been advanced including the "template hypothesis" of Haurowitz (39, 40) 
This hypothesis involves the possible existence of a template formed 
by the gene nucleoprotein which takes the shape of an extended peptide 
film acting as a specific adsorbing surface. Each of the amino acid 
residues on that film adsorbs preferentially an identical amino acid 
so that a copy of the specific peptide pattern is formed. This copy 
is subsequently peeled off and folded to form a three-dimensional 
globular protein. According to Haurowitz the key to the whole 
process is the nucleic acid, which acts as the backbone holding the 
template protein in the unfolded state. A somewhat similar view 
has been put forward by Caldwell and Hinshelwood (18) as a result 
of investigations on bacterial growth. 
A mutation may be defined as an inexact self-duplication of the 
gene nucleoprotein. The incidence of mutation would then be in-
creased by any environmental factor which affects the structure of 
DNA and in that way interferes with its function as template back-
bone. This woul~ explain the wide variety of carcinogenic agents 
if cancer is looked upon as arising from a somatic mutation during 
some particular mitosis. It is unlikely that the various carcino-
genic agents can be considered the primary cause of cancer for they 
are too varying in nature. It is more reasonable to suppose that 
their common action is to induce some change in the DNA molecule 
and that this changed DNA molecule is the true carcinogen. 
Substantiating this, many carcinogenic factors are known to 
cause damage directly to the nucleic acids. For example, ultra-
violet radiation causes changes in purine and pyrimidine ring 
structure (19); X-rays and the nitrogen mustards depolymerize DNA 
(17, 26, 70); various aliphatic carcinogens cross-link with it 
(11); and various aromatic carcinogens form DNA complexes (11). 
In every case DNA is altered and is no longer in its natural state. 
It is hoped that in the long run, infrared spectroscopy will 
make it possible to detect minute carcinogenic changes in nucleic 
acid structure caused by high energy radiations and in this way, 
perhaps, to gain insight into the mechanism of cancer induction. 
Application of infrared spectrometry to chemical analysis. 
The application of infrared absorption techniques to the study 
of nucleic acids is relatively new. In Loofbourow's extensive 
review article published in 1940 (50) on the investigation of 
materials of biological interest by physical methods there is not 
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a single reference to this topic. Even Schlenk's account of nucleic 
acid chemistry which appeared in 1949 (64) cites only one paper 
dealing with the infrared spectroscopy of nucleic acids, that of 
Blout and Fields (6) published in 1948. 
Since then scarcely a dozen more papers on the infrared ana-
lysis of nucleic acids have appeared in the literature: of these 
Blout has contributed the major bulk. A comprehensive paper by 
Fraser (31) entitled "The Infrared Spectra of Biologically Important 
Molecules" appeared in 1953. 
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Some of the difficulties which have retarded work in this field 
involve the lack of purity of biological samples, the unavailability 
of an adequate sampling technique, and the uncertainties involved 
in making band assignments on an infrared spectrum for such highly 
complex molecules as are encountered in biological systems. This 
last mentioned difficulty has posed one of the most important prob-
lems encountered in the study of nucleic acids and can be best appre-
ciated by considering the manner in which the absorption of infrared 
radiation takes place. 
The application of infrared spectrometry to chemical analysis 
involves the interaction between infrared radiation and matter. A 
full discussion of this phenomenon involves considerable theoretical 
physics and quantum mechanics. However, a simplified explanation 
as offered by Perkin-Elmer (55) and Miller (51) will suffice here. 
A vibrating molecule can be represented by 1) taking masses, such 
as ball bearings, whose weights are proportional to the atomic 
weights of the atoms, 2) arranging them in space according to the 
actual geometry of the molecule, and 3) connecting the masses by 
simple mechanical springs whose strengths are proportional to the 
chemical bond forces. An example of such a model for co2 is: 
0 c ----0 
If such a model is suspended in space and struck a blow, the weights 
will be observed to undergo apparently random motions. However, if 
the model is observed with a variable frequency stroboscopic light, 
certain light flash frequencies will be found at which the model 
weights appear to stand still. The model is undergoing a series 
of periodic motions of definite frequency. It is the sum of these 
motions occurring simultaneously which presents the random pattern 
observed in steady light. A general model of N weights will have 
3N-6 characteristic vibrations. 
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If infrared radiation of successive frequencies (wavelengths) 
impinges on a molecule, there will be radiation frequencies which 
correspond to the characteristic vibration frequencies of the mole-
cule. Under such natural resonant conditions energy can be exchanged 
from one system to another much as energy is exchanged from one vi-
brating tuning fork to another of the same frequency. In this ex-
change of energy the molecule is caused to vibrate and the radiation 
is weakened- or in a more appropriate term, absorbed. The energy 
of molecular vibration is changed to translational energy by colli-
sion with a neighboring molecule and the molecule reverts to its 
original state for another radiation absorption. (To keep the 
energy account balanced, the translational energy finally appears 
as a temperature rise of the sample.) In short, the scanning of a 
molecular sample with successive infrared frequencies (wavelengths) 
shows values for which the radiation is weakened (or absorbed), 
and these values correspond to the characteristic vibration fre-
quencies of the molecule. 
For many simple molecules a complete interpretation of the ab-
sorption spectrum has been accomplished in terms of the characteris-
tic vibration frequencies. However, in the case of biological poly-
mers, such as the nucleic acids, an analysis involving the know-
ledge of the locations of all the atoms and the nature of the 
forces maintaining them in their equilibrium configuration, is not 
possible. Nevertheless, it has been shown that although a funda-
mental frequency involves, to some extent, all the atoms in the 
macro molecule, certain vibrations are localized to a high degree 
of approximation in a particular bond or atomic grouping (43). It 
is on the basis of this fact that the infrared analysis of nucleic 
acids becomes possible. 
For fUrther background information on the theory and practice 
of infrared spectroscopy see (3, 4, 15, 38, 43, 46, 51, 55, 57, 
58, 74). 
Sampling techniques. 
s. 
As has been mentioned previously, the problem of sample prepara-
tion and of solvent selection are among the difficulties involved 
in the infrared spectrometry of nucleic acids and related compounds. 
Because of its heavy absorption in the infrared, water is virtually 
useless as a solvent, quite apart from its solvent effect on the 
rock-salt windows normally used in absorption cells. Two readily 
available solvents, carbon tetrachloride and carbon disulfide, do 
not affect rock-salt and are fairly transparent in the infrared, 
but they are of little value in the study of nucleic acids and 
their hydrolysis products because of the insolubilities of these 
compounds in the organic solvents. Lacher et al. (48) used antimony 
trichloride at 100 C to obtain absorption data in the 1-2.5 ~ over-
tone region on some pyrimidines, uracil, 5 chlorouracil, and thymine. 
They report several band assignments. However, the 1-2.5 ~ region 
is merely a small segment of the overall infrared region and for 
this reason is of limited value. 
Thus, due to the lack of solubility of nucleic acids in other 
than aqueous solvents, it has been necessary to use thin films 
prepared by 1) sublimation (66), 2) casting (35, 49, 57) and 3) 
sprinkling of powders (42) or 4) to make suspensions of the sample 
in question (47, 52). Each of these techniques has been fully 
discussed in paper VII of Bloutts series (7). 
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1. Vacuum sublimation. An apparatus was used in which the 
sample was sublimed onto a clean rock-salt disk held about three 
inches away from the material. Blout reports that the films ob-
tained by this method are very uniform and often are completely 
transparent in the visible region. However, xanthosine showed de-
composition on prolonged heating and guanosine and adenylic acid 
charred very easily under conditions required for their sublimation. 
Sinsheimer, Scott and Loofbourow discuss the changes in the spectra 
of such sublimed samples when recorded at different intervals of 
time following their sublimation (66). 
2. Cast films. These are prepared by dissolving a quantity of 
the compound under investigation in a volume of distilled water and 
spreading one drop of this solution over a one inch sodium chloride 
disk. The disk is then placed in a dessicator, stored for at least 
24 hours in the dark over P2o5, and then dried for at least 40 hours 
over P2o5 at room temperature and 1 mm pressure. The resultant 
film is continuous, non-crystalline, and satisfactory for infrared 
measurement. 
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3. Powder films. To prepare a sample by this method, a small 
quantity of the compound is ground as finely as possible in an agate 
mortar. By sifting the material through a fine mesh screen a thin 
layer of the powder is spread as evenly as possible over the face 
of a rock-salt disk. A second rock-salt disk is then placed on 
top of the first and rotated slightly so as to produce a more uni-
form layer. The second disk also serves to hold the sample in place 
for insertion in the spectrophotometer. 
4· Suspensions. A sample of the material is ground in mineral 
oil and the suspension (mull) placed between rock-salt disks for 
measurement. This technique has the advantage of reducing light 
energy scattering and of yielding a more uniform sample. On the 
other hand, the use of mineral oil suffers from the disadvantage 
of introducing absorption bands due to the oil. These bands occur 
at 3.4, 6.8 and 7.2 microns. 
Although any of these previously mentioned techniques may suf-
fice for some particular study of nucleic acids, all of them suffer 
from the fact that it is difficult, and even in some cases impossible, 
to adapt them for quantitative studies. First, there are difficul-
ties in controlling sample concentration and film thickness, and 
secondly, uncertainties arising from energy losses due to light 
scattering, especially in the lower wavelength region. However, in 
1951-1952 two independent investigators, Schiedt (6la, 6lb, 62) and 
Stimson (68, 69), introduced simultaneously a new sampling technique 
which was adaptable to quantitative studies. 
The technique is based on the fact that powdered potassium 
bromide can be converted under moderate pressure into clear plates 
with good infrared transmission. If a finely ground sample under 
,-, investigation is uniformly mixed with halide salt before pressing, 
its concentration in the resulting sample plate or "window" can be 
readily controlled. The major advantages of this technique are: 
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1) No scattering losses, especially in the short wavelength region. 
2) No obscuring of spectral regions by the suspending medium 
since KBr transmits out to 25 microns. 
3) Considerably better separation and sharpness of bands, since 
almost molecular dispersion is obtained. 
4) Quantitative work is considerably simplified and more accu-
rate since only the proportion of sample to KBr powder need 
to be known and no background effects or bands interfere 
with the sample absorption. 
5) Samples may be stored for ruture reference since there is no 
evaporation of solvents or changes in composition. 
6) The need for standard liquid cells and for microcells is 
eliminated, thereby resulting in increased economy. 
Schiedt investigated several halide salts and found that KBr 
gave the best transmission curve. He improved upon the sample die 
suggested by Sister Stimson and designed several which were more 
adaptable to exact quantitative work. One diagram of this improved 
die appears in Housdorfft,s report (61b) on Schiedt' s work and a 
second in Applied Spectroscopy (61a). Subsequently Perkin-Elmer 
designed a die which they state "is the best available for quantita-
tive studies", and a diagram of which appears in the company's 
quarterly magazine Instrument~ (56). A discussion of this die 
appears in an article by Hausdorff in Applied Spectroscopy (41). 
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Schiedt further standardized sample-KBr weight relationships, 
evacuation time and pressures required. He suggests several dif-
ferent methods for obtaining smaller sample particle size and shows 
electron microscope photographs of the actual particle sizes ob-
tained by different techniques. He reports on the relationship of 
particle size and distribution to the spectra obtained. (A similar 
study by Jones (45) was conducted but on a more rigorous mathemati-
cal basis.) Finally Schiedt presents several quantitative plots 
which follow Beer's Law for Tyrosine hydrochloride, tryptophane 
hydrochloride, and phenylalanine hydrochloride at the respective 
wavelengths of 11.9, 14.25 and 13.4 microns. 
One of the techniques suggested by Schiedt for preparing the 
KBr-sample mixture for pressing is based on an observation made 
during fast cooling of organic samples where it was found that 
these produced submicroscopic crystals. Solutions of weighed amounts 
of KBr and sample were cooled rapidly in a mixture of acetone and 
dry ice. The solidified mixture was then subjected to freeze-
drying (29, 37). This produced a fluffy mixture which was dried 
over P205. An electron microscope photograph shows that such a mix-
ture is composed of small spherical particles with diameters of 0.01 
to 0.05 microns as compared to 10 to 20 microns for several other 
grinding methods under optimum conditions. 
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Further work on pressed pellet technique. 
Since Schiedtts original work in 1952, several articles of 
~ interest have appeared in the literature, some extending and improv-
ing the KBr sampling technique, and others reported the actual use 
of the technique as a means to an end. 
Anderson and Woodall (2) prepared a AgCl beam condensing system 
which fit precisely in the sample beam of a Baird infrared double 
beam spectrophotometer. In conjunction with this they designed and 
fabricated simple micro dies (detailed diagrams appear in the arti-
cle) which were capable of pressing out windows of KBr weighing 
only five milligrams and containing as little as ten micrograms of 
the compound under test as compared to Schiedtts windows which 
weighed approximately 500 milligrams and contained as much as six 
hundred to eight hundred micrograms of sample. In 1954 Anderson 
and Smith presented a detailed diagram for an improved micro die (1) 
to be used with the AgCl beam condensing system. 
In August, 1954, Hausdorff (41) reported on the latest advances 
made by his company in the production of evacuable dies for the KBr 
pressed pellet technique. In the report he also lists the general 
laboratory requirements needed by an investigator interested in the 
technique. 
In September, 1954, Ford and Wilkinson (30) reported on the 
preparation and properties of pressed alkali halide disks. They 
reach the conclusion that KBr and KCl are most suitable for pressing 
windows. At the same time Hales and Kynaston (36) reported a method 
for recrystallizing pure KCl in a finely enough divided condition 
to be used directly in pressing disks for spectral determinations. 
Also described is a simple electric microbalance suitable for 
weighing quantities of solids to be placed in the disks. 
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In November, 1954, Ingebrigston and Smith (44) discussed opti-
mum pressing conditions utilizing their mm specially designed die -
one which contains features of both Schiedt' s and Perkin-Elmer•.s. 
Also described is the technique of mixing the sample under investi-
gation with KBr and a volatile solvent, such as acetone, into a 
slurry and then grinding to dryness. The subsequent dry powder 
is pressed into a window and the authors state that a spectrum of 
such a prepared sample approximates that of a solution spectrum 
more closely than does one that has been ground in the dry. 
First mention of the KBr pressed pellet technique as an analyti-
cal tool in a research project appeared early in 1954. Frick and 
Rosenberg (33) utilized KBr-DNA windows prepared from lyophilized 
powder in order to show changes in the hydrogen bondings of DNA at 
various pH's. This was done in an attempt to verify Watson and Crick's 
(72, 73) suggested model for DNA as being two halices of DNA bound 
together through hydrogen bondings between adenine and thymine or 
between quanine and cytosine. The infrared data verified the sug-
gested model. 
French et al. (32) in February, 1954, utilized the KBr sampling 
technique as a means of quantitative studies in surface chemistry. 
~ In their paper is presented a diagram for a modified version of 
Schiedtts evacuable die. Also presented are Beerts Law plots for 
several bands of the benzoic acid spectrum. The purpose of the 
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study was to observe systematic shifts in clay-OH groups for samples 
removed from solutions of various pH. 
Toribara and Di Stefano (71) used the lyophilized KBr-sample 
method to help study the calcification mechanism. It was suspected 
that an organic phosphate was a possible intermediate in the de-
position of bone salts. Their method involved the acid hydrolysis 
of calcifiable rachitic cartilage from the tibia of albino rats, 
separation of an unknown spot by two dimensional chromatography, 
elution of the spot from the paper, lyophilization of the eluate 
with an aqueous solution of KBr, pressing of a window from the lyo-
philized powder, and finally characterization in the infrared. From 
an analysis of the spectrogram together with chemical and chromato-
graphic evidence, it has been tentatively decided that galactose-
amine phosphate is the intermediate in question. 
Cook et sl· (27) reported on the infrared and ultra-violet ab-
sorption spectra of proteins prepared by the KBr pressed-disk 
technique. Included among the proteins were crystalline bovine 
serum albumin, chymotrypsinogen, egg albumin, cytochrome c, and lyo-
philized whole rabbit serum. Also reported were measurements made 
on several mechanical properties of the pressed disks of KBr as com-
pared with the crystalline halide. 
Infrared analysis of nucleic acids and their hydrolysis products. 
Work on the infrared analysis of nucleic acids and their hydro-
lysis products utilizing sampling techniques other than the pressed 
pellet method have appeared in the literature. 
The infrared absorption spectra of the pyrimidines and purines 
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in nucleic acids, of xanthine, hypoxanthine and some methylated 
xanthines, and of the nucleosides and nucleotides have been measured 
~ by Blout and Fields (6, 7, 8), mainly on evaporated films. Several 
features in the spectra that are of value for identification and 
analysis are noted and some bond assignments proposed. 
~ 
Brownlie (14) has examined twenty five pyrimidines, containing 
two or more constituents, as Nujol mulls over the 2-15 micron range 
and has attempted a large number of possible band assignments. Some 
of his conclusions are debated by Short and Thompson (65) in a study 
of eighty pyrimidines, including many mono-substituted derivatives, 
over the range 2-25 microns. 
Willits ~ al. (75) have studied the purine free base and nine 
mono- or di-substituted derivatives as sublimed films over the 2.5-
15 micron range. Several band assignments were suggested. 
With regard to infrared absorption studies on nucleic acids 
proper there is as yet very little to add to Fraser's account (31), 
which deals also with proteins and polysaccharides. The following 
frequency ranges are listed by him for the fUndamental vibrations 
that may be readily recognized in the spectra of nucleic acids: 
1) Vibrations involving hydrogen atoms: 
Bond stretching 0-H 3000-3700 cm-1 
N-H 3000-3500 
" C-H 2800-3100 n 
Bond bending 0-H ca. 1100 
" N-H 1500-1600 
" C-H 1300-1500 n 
2) Multiple-bond stretching: 
C=O 1600-1800 cm-1 
C=N ca. 1650 " 
C=C ca. 1650 " 
P=O 1250-1300 " 
17. 
3) Skeletal frequencies involving many linked atoms: 
C-0-C ca. 1100 cm-1 
4) Ionic group frequencies: 
PO --- ca. 1080 and 980 cm-1 4 
Macroscopic tissue sections have been studied by Blout and Mellors 
(10), the samples being evenly wetted with high molecular weight 
fluorocarbon or hydrocarbon (mineral) oil to reduce scattering. 
These authors were particularly interested in the possibility of 
clinical diagnostic applications, and observed that a band of 9.3 
microns (1075 cm-1), which they associated with nucleic acid, was 
more prominent in cancerous than in healthy mammary tissue. They 
also found definite differences in the spectra of fixed and unfixed 
samples of the same tissue. 
Cavalieri et al. (23, 24) in a study of the enzyme-resistant 
residues of various PNA samples, concluded that the infrared absorp-
tion spectra of mulls were not sufficiently characteristic to re-
veal differences in macromolecular structure, although intact nucleic 
acids could be differentiated from mixtures of mononucleotides. More 
~ recently, however, Rowen (60) has examined the effect of treatment 
with desoxyribonuclease on the infrared absorption spectra of cast 
films of DNA. The band frequencies and assignments proposed by this 
author are in substantial agreement with those given by Fraser; the 
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960 cm-1 band is greatly reduced in intensity by enzymic degradation 
and is therefore correlated with the internucleotide ester linkage 
(P-O-C5), the 1015 cm-1 band then being regarded as arising in the 
nucleoside- phosphate bond (P-O-C3). The assignments of vibra-
tions involving the phosphate group are very important for the 
interpretation of the infrared absorption and dichroism of nucleic 
acids and are briefly discussed by Fraser (31). 
Blout and Lenormant (9) have obtained infrared absorption spec-
tra of concentrated solutions of PNA and DNA in both ~ter and deu-
terium oxide, using very thin cells to reduce the solvent absorption. 
Under these conditions the absorption bands are sharper than those 
given by dried films. The 1020 cm-1 band of DNA is retained in 
solution but with a slight shift in wavelength, and DNA and PNA 
can be clearly differentiated. 
Brown and Todd (13) have used infrared absorption spectra as 
proof of identity between synthetic and natural specimens of the 
same compound. For example, they were able to distinguish between 
natural and synthetic adenylie acids a and b and muscle adenylic 
acid (adenosine - 5- phosphate). 
In most recent years there has been developed by several inves-
tigators the technique of infrared microspectrophotometry whereby 
individual cells may be spectroscopically scrutinized. This type 
of study is based on the empiracal relationships between bands ex-
hibited by the cell and bands exhibited by known components of the 
cell. For a discussion of this technique and for further references 
see (5). 
19. 
EXPERIMEN~AL 
Lyophilization. 
Schiedt (6la, 6lb, 62) recommends and discusses several methods 
for preparing sample-KBr mixtures for use in infrared analysis by 
pressed pellet technique. One of the suggested methods is based 
on the observation that during rapid cooling of organic samples in 
solution submicroscopic particles of solute 0.01 to 0.05 microns in 
diameter were obtained as compared with particles of approximately 
10 microns diameter prepared by supersonic vibration. 
Since scattering of light energy (which affects the accuracy 
of a quantitative spectroscopic technique adversely) increases with 
particle size, it was decided to prepare the mixture by freezing 
and lyophilizing a solution rather than by mechanically mixing or 
grinding the solids. 
A diagram of the freeze drying apparatus used in this experi-
mental work is shown in Figure 1. It has been modified from a de-
sign suggested by Schiedt#. The apparatus can handle efficiently 
eight samples at one time. Where fewer than eight samples are de-
sired, ground glass'stoppers may be used to close off one or more 
outlets. 
For completely successful lyophilization, precautions must be 
taken to attain a sufficiently small particle size in the final 
lyophilized powder in order to keep light scattering during spectro-
photometry to a minimum. Thawing of the frozen solution during 
# Personal communication. 
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lyophilization results in the formation of comparatively large parti-
cles with resultant loss of energy due to light scattering. For 
that reason, rapid sublimation from the surface of the frozen samples 
during lyophilization must be encouraged; the heat loss so produced 
keeps the sample frozen at all stages of the process. Flosdorf' and 
Mudd (29) discuss several factors influencing the rate of sublima-
tion. First it is necessary to adjust the evaporating surface area 
(A) of the sample to the surface area adjacent to the glass (B) in 
order to give a satisfactory B/A ratio. At B heat is taken in from 
the atmosphere and at A it is lost as a result of the evaporation 
of the ice. A B/A value of unity is most efficient and may be at-
tained most simply by shell freezing the sample solution. This is 
accomplished by immersing the round-bottom sample flask in a dry 
ice - methyl cellosolve mixture#, tilting the flask slightly, and 
rotating it rapidly during the freezing process. This, in effect, 
produces a thin shell of frozen material along the inside wall of 
the flask and it is easily seen how the ratio of B to A approaches 
unity. 
Furthermore, to achieve a rapid rate of sublimation the ratio 
of the sample volume (V) to A is important. This ratio should not 
be too small, the larger the ratio the more rapid the sublimation. 
Flosdorf and Mudd state that the minimum should be 2-3 square em of 
,., # Flosdorf and Mudd report that of the various liquids tried for 
suspending the dry ice (acetone, alcohol, ether, trichloroethylene, 
and numerous butyl and amyl compounds) methyl cellosolve has been 
found to be most satisfactory. 
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evaporation area per ml of solution. Shell-freezing in a 100 m1 
round bottom flask with a 3 ~ radius covers an estimated 5/8 of 
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the glass surface with frozen solution. The total surface covered 
is therefore 5/8 x 4Trr2 or 70 square em. Thus, a volume of 20-35 
ml would result in 2-3 square ~ of evaporation area per ml of solu-
tion. For the purpose of this experimental work the volume per 100 
ml flask was kept down to 12-15 ml of solution, thus giving 6-7 
square em of evaporation area per ml of solution. 
An additional opportunity for thawing arises from the fact that 
there is a lapse of some few minutes between setting the first 
sample in place in the lyophilizing apparatus and the beginning of 
sublimation which depends upon the evacuation of the complete system 
by the vacuum pump#. To prevent thawing in the interval it was 
found necessary to allow the shell-frozen samples in the flasks to 
remain in the dry ice mixture for a minimum of 30 minutes. This 
will lower the temperature of the frozen samples enough so as to 
keep them frozen for at least five minutes after exposure to room 
temperature. This allows ample time for completion of the lyophili-
zation set up. 
If the precautions described above are not taken, the final lyo-
philized powder will be rather coarse and of relatively large parti-
cle size. Subsequent pressing of this powder yields disks of varying 
transparency ranging from slightly translucent to completely opaque, 
which lowers the precision with which spectrophotometric measurements 
can be made. 
# Cenco_-Hyvac Pump - manufactured by Central Scientific Co., Chicago, 
Illinois, U.S.A. 
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On the other hand, if the above precautions are followed, the 
final lyophilized powder will be very fine and fluffy and of rela-
~ tively small particle size. Subsequent pressing of this powder con-
sistently yields disks of complete transparency and of excellent 
quality for infrared quantitation. 
A1kali halides inves~~ated. 
Ford and Wilkinson (30) have investigated the properties of 
various alkali halide disks with special reference to their use in 
spectroscopy. They state that an ideal powder for the production 
of disks for infrared analysis should: 
1. show good transmission in the infrared region out to at 
least 25 microns. 
2. require low sintering pressure so that the force to be 
applied to produce transparent disks is not excessive. 
3. be non-hygroscopic. 
4· be readily obtainable in a pure state. 
They report KCl and KBr to be the substances most closely fulfilling 
these requirements. Of the two, KBr appears to be obtainable in a 
spectroscopically purer state as reported by Schiedt and confirmed 
in this laboratory. For that reason KBr was used in preparing the 
pressed disks. 
Harshawt,s optical grade KBr or Mallinckrodt' s Analytical Reagent 
KBr are the purest available at the present time. Both types of KBr 
when prepared as disks from lyophilized powder were found by this 
investigator to give identical spectra. Since Harshaw's optical 
grade KBr is many times more expensive than Mallinckrodt's Analytical 
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Reagent KBr, the latter was used. The transmission of a window 
pressed from lyophilized Mallinckrodt KBr is shown in Figure 2. 
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The chief impurity absorption bands are due to moisture and occur 
at 2.9 microns (3450 cm-1) and 6.1 microns (1625 cm-1); these bands 
are narrower than those of liquid water and indicate that the water 
' is adsorbed on the surface of the powder. These water impurity bands 
may be decreased in intensity by vacuum drying of the powder before 
pressing. However, even after prolonged drying, traces of water 
absorption still appear, for unavoidable exposure to the powder to 
the atmosphere results in water reabsorption taking place . The pres-
ence of such an absorption band must consequently be allowed for. 
Other minute impurity absorption bands may be seen at 3.4 microns 
(2940 cm-1) and 7.0 microns (1430 cm-1). These are the hydrocarbon 
bands and are probably due to absorption of organic vapors from the 
laboratory atmosphere. 
One other impurity absorption is seen in the region of 9.0 microns 
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(1110 em-1). This is the least characterized impurity but is quite 
possibly due to inorganic impurities in water which are left adsorbed 
to the surface of the powder after the water has been lyophilized off. 
However, the .use of doubly distilled water and water passed through 
an ion exchange column did not alter the situation. Still, the water 
as a source of inorganic impurity cannot be eliminated for infrared 
is known to be sensitive to inorganic ions in the ratio of 1:1,000,000. 
Another possible source of inorganic impurity is from silicates washed 
free from the glassware used in the lyophilization process. 
To lower the amount of impurities below the point of significant 
interference, it is desirable to keep the weight of the disk itself 
as low as possible. The limit is set by the necessity of not exceed-
ing a 1% concentration of sample (this figure represents an average 
of the maximum concentrations suggested by several papers in the 
literature) and by the difficulties of handling very thin disks. 
Windows (disks) weighing 150 mg with a diameter of 12 mm and a thick-
ness of approximately o.; mm were found to be small enough to mini-
mize impurity absorption while meeting concentration requirements, 
yet strong enough to be handled without extreme precaution. Although 
the disks were able to withstand reasonable handling, tweezers were 
used for all manipulations because of the hygroscopic nature of the 
KBr. Windows of smaller magnitude than 150 mg were often difficult 
to handle. 
Die and pressing conditions. 
The die used to press the disks in this investigation was con-
structed at the M. I. T. work shop, and was adapted from a diagram 
presented by Schiedt (6la). Figure 3 shows aX-sectional view of 
the die. 
1. 
The loading of the die proceeds as follows: 
The lower plunger is placed on the lower base plate and the 
lower gasket placed in its groove. 
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2. The split cylinder is then assembled and inserted into the body 
of the die, the entire unit being held tightly together by turn-
ing the screw at the side of the die body. This step requires 
caution for the cylinder must be aligned exactly within the 
die body. 
3. The assembled body and cylinder are slipped over the lower plun-
ger so that the base of the die body now rests upon the lower 
rubber gasket. 
4· A weighed amount of powdered KBr is carefully poured from a 
weighing paper into the cylinder using caution to prevent loss 
of the powder during transfer. The KBr, which is quite fluffy 
at this point, should be tamped dow.n by inserting the top plun-
ger and base plate. The weight of the base plate packs down 
the powder sufficiently and no additional pressure is needed. 
5. After the powder is tamped down, the upper plunger and plate are 
removed and the upper rubber gasket placed on top of the die 
body. The upper plunger and base plate are replaced and the disk 
is ready to be pressed. 
After being loaded, the die is placed between the plates of a 
hydraulic press# capable of delivering up to 30,000 pounds of total 
* Wabash Hydraulic Press - Model 12-10 Wabash, Indiana 
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force. The lower press plate is raised and slight pressure (approxi-
mately 4,000-5,000 pounds total force) is applied to ensure proper 
sealing of the inside by means of the rubber gaskets. The die is 
then evacuated for 10-15 minutes by means of a vacuum pump. The 
vacuum need not be less than 10 mm Hg. The pressure is then increased 
slowly and by small increments (approximately 3,000-4,000 pounds 
total force per stroke) so as not to cause any air bubbles to be 
trapped in the final pressed disk. The optimum pressure was found 
experimentally to be bet~en 25,000-30,000 pounds total force exerted 
for a period of five minutes (See Figure 4 a and b). 
After the required pressing time, the vacuum is shut off and air, 
having passed through a drying column, is allowed to seep back into 
the die. The pressure is released and the die is removed from the 
press. The upper and lower base plates, plungers, and gaskets are 
removed leaving the pressed disk within the cylinder which in turn 
is still held tightly within the die body by the side screw. The 
best way to remove the disk from the cylinder is to replace one of 
the plungers into the cylinder so that it touches against the disk. 
Care must be taken not to insert the plunger too sharply for this 
will result in cracked disks. The die body and cylinder with the 
plunger protruding is then placed back into the press and slight 
pressure is exerted against the plunger. This forces the disk dow.n 
the length of the cylinder until it is pushed out of the lower end. 
The formed disk is then placed into a special holder which, in turn, 
is inserted into the sample beam of a Perkin-Elmer model 21 infrared 
recording spectrophotometer. 
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* Since errors due to scattered light are most serious in the lower 
wavelength region, the% Tat. 2.5 microns was taken as a test of 
energy loss. Where the % T approached 100 %, it was assumed that 
the loss pt energy ciJle to lipt scattering was at a minimum. 
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This method consistently produced transparent disks suitable 
for quantitation in the infrared. However, disks are sometimes im-
perfect. For discussion of types of imperfection and their cause 
see Ford and Wilkinson (30). 
Preparation of windows of varying concentrations. 
For the purpose of this work adenine was chosen as representa-
tive of the purines and thymine of the pyrimidines. An attempt was 
made to quantitate several bands of their infrared spectra. 
Several factors must be considered in preparing KBr disks con-
taining samples to be analyzed. First, as mentioned above, 150 mg 
windows have been found to be optimum in minimizing impurity absorp-
tion and yet affording ease of handling. Secondly, the concentration 
of sample in the window should be less than 1 per cent and, optimally, 
from 0.1 to 0.3 per cent (6la, 6lb, 62). Thus, a 150 mg window should 
contain 150 to 450 micrograms of adenine or thymine. 
Since it is impractical to expect to recover 100 per cent of 
the lyophilized powder from the lyophilizing flask, it was decided 
to freeze-dry not merely the 150 mg of KBr - sample mixture needed 
to press a disk, but 500 mg of mixture. This afforded the advantage 
of being able to weigh out one 150 mg aliquot of powder for pressing 
into a disk. A second 150 mg aliquot is weighed out, redissolved in 
water and its concentration determined in a Beckmann U. V. spectro-
photometer. If, through accident, either of these aliquots is mis-
handled, a third aliquot remains. 
The powdered mixture obtained by freeze-drying a solution of 
sample and KBr must be homogeneous if meaningful results are to be 
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obtained. Table I shows the concentrations of several aliquots of 
lyophilized KBr - adenine as determined in the U. V. by comparison 
with a standard curve. The consistency of the results obtained is 
evidence that the lyophilized powder is indeed homogeneous within 
the limits of experimental error. 
As mentioned above, the maximum volume which will insure an 
adequate evaporating surface is 20-35 ml per lyophilizing flask. To 
provide a margin of safety the total volume was kept down to 15 ml. 
Thus, a single flask contained 500 mg KBr and between 500-1500 micro-
grams of adenine or thymine in 15 ml of water. A 150 mg aliquot of 
the lyophilized powder will contain between 150-450 micrograms of 
sample. (This represents a sample concentration of between 0.1 to 
0.3 per cent). 
KBr is added to the lyophilizing flask in solid form. Adenine 
or thymine, on the other hand, is first prepared as a stock solution 
containing 100 micrograms per ml. Varying volumes (from 5 to 15 ml) 
of the stock solution are added to each flask. Where the volume is 
less than 15 ml the difference is made up by the addition of an 
appropriate quantity of distilled water. The KBr previously added 
dissolves readily in the solution. 
Lyophilization was at first allowed to run overnight and in 
some cases for 24 hours. In the case of adenine (but not thymine) 
the final concentration was found to be considerably below that ex-
pected theoretically. Figure 5 shows the per cent recovery of adenine 
and thymine after various periods of lyophilization. 
~I 
ADENINE CONC:mN'.aU.TION OF SBlv.mBA.L .ALI~OTS T.WN ll'B.OM EACH OF M 
INDIVIDUALLY P:aEPA.BED S.AMPLlllS 
WEIGHT OF come. oF .ADDDllll CONO.OF A'DElliEE 
ALIQ,UOT* A'BSOBlWWE** PER .ALIQ,UOT PER 100 MILLIGB.AH3 
SAMPLE (mg) AT 26Q 91 (micrograms) (miprograms) 
100 .J64 197.2 197.2 
100 .J.5J 191.2 191.2 
I 
200 .J9J 426.0 21).0 
200 .J89 422.0 211.0 
100 .061 J).O J).O 
100 .o62 3J.6 J3.6 
II 120 .o64 34.7 28.9 
1.50 .081 43.8 29.2 
200 .0.59 64.0 32.0 
* In order for the absorbances to be read in the relatively same range of values 
the 200 mg aliquots were dissolved in 100 ml of water while all other ~amples 
were dissolved 1n .50 ml of water. This difference in dilution factor was 
taken into cons~eration in calculating the concentration of adenine per aliquot. 
** The absorption coefficient k for adenine at 260 ~ was found experimentally 
to be .0923. 
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It thus appears that during the course of lyophilization a 
quantity of adenine is lost while thymine is unaffected. To explain 
this phenomenon it is only necessary to assume that adenine sublimes 
during the period of lyophilization. Adenine is known to sublime 
under certain conditions (7, 66) and the low pressure in the lyophili-
zation flask plus the room temperature that prevails within it once 
most of the water has been driven off encourage sublimation. 
Experimental verification of the sublimation of adenine during 
lyophilization was obtained by analyzing the ice in the trap (Table II). 
Significant quantities of adenine were detected there. Furthermore, 
the upper regions of the flask, out of contact with the frozen mixture, 
showed the presence of adenine. Half the adenine was never recovered 
and was probably located in parts of the system untested, such as in 
the manometer and/or pump. 
As shown in Table III, adenine was lost on simply being allowed 
to stand in vacuum for drying purposes. 
Exactly why thymine does not exhibit the same behavior as ade-
nine is puzzling. A possible explanation may lie in the difference in 
their solubilities. Thymine, with a solubility of 740 mg/ml, is 
approximately 8 times as soluble in water as is adenine, with a solu-
bility of 90 mg/ml. In the shell freezing process prior to lyophili-
zation perhaps the adenine is crystallized out in a layer separate 
from the quite soluble KBr, thus exposing itself more readily to sub-
limation. Thymine, on the other hand, may crystallize out more nearly 
at the same time as KBr, thus forming an interlocking network of KBr 
and thymine, making the thymine less susceptible to sublimation. 
RlllCOVJlRY OJ .ADENUilil JOLWWING 18 HOURS OJ LYOPHILIZATIOli 
.A.Dlll!m TO F.raA.SJ: PRIOR TO 
LYQlH!LIZ+fiOI 
1. Pipetted from 
stock solution 
AMOUE 
(micrograms) 
1114?.5 
144? • .5 
t/J DCOVD!' : .Wllm (lOO) 
DCcmlBJID 
HECOVERED :BROM JLASX AJ'l'IB. 
LYOPXI.HIWIOI 
AMOUBT 
SOURCE (micrograms) 
1. Removed in aliquots 
2. :&amaining in flask 
3. J'oUDi in ice trap 
= 667.7 (100) 
144? • .5 
=4€1fo 
209.1 
114.8 
343.8 
66?.? 
!W3L1l III 
f, DCO'VERY OF .ADEBIHm l'OLLOWiliG VACUUM DRYIBG 
:a:PECTED ACTUAL 
ROtmS WEIGH! COJi'C.EITlW!IOl\T .A!SOHP. ** COJC. 
ROtms TACUUM OJ PER .ALIQ,UO! J!f PER PER CUT 
.ALIQ.U'Of* LYQpllLIZID DRPm .ALIQ.UO'.r (micrograms) 260 !J\ .ALI9J19f poopuq 
1 3 0 200 212.4 .406 220.0 103 
2 3 18 200 212.4 .110 59.6 28 
3 3 18 160 170.0 .037 4o.2 24 
* !hese three allquots have been taken from the same initial sample which had 
been qophilized. for 3 hours. .Aliquot l was measured directl.J' while aliquot.s 
2 and 3 were farther subJected to 18 hours of T8.CUUlll drying and then measured. 
** .Aliquots 1 and 2 were measured in SO ml of water; aliquot J in 100 ml of water. 
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Quantitation. 
The spectra obtained for adenine and thymine agree closely with 
those presented by Blout and Fields (8). The two spectra are shown in 
and b•----------------------~----------~--~--------~------------~ 
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As has been pointed out under History the absorption spectra of 
many simple molecules can be completely interpreted in terms of their 
characteristic vibration frequencies. However, in the case of more com-
plex molecules¥ such as the nucleic acid derivatives, a complete interpre-
tation is not yet possible. Therefore, several bands (or peaks) of their 
spectra lack definite assignments and are of value only in ttfingerprinting" 
the compound. Table IV shows the peaks obtained in this work as compared 
to those obtained by Blout and Fields together with those band assignments 
known. 
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f.Al3L1!l IT 
THill A:BSORPfiON MAXIMA. OJ' .A. PtiRDlJLAllD PYlUMIDDIE 
Ili Tmtl BlilGIOli OF 2.5-15 MICBO:NS 
a) .adenine 
As determined. here :Bam As determined by :B1out am J'ields. (a 
assign-
Wave llo. Wave1e:DE!:th Inteuit7* ment** Wave llo. Wave1e:DE!:th IntensitT* (a ... 1l (m~J&rinal (~m-1) (mis=~~».ll 
.3280 .3.05 m lT-1: JJ3.3 3.00 w-m 
JlOO 3.22 ll o-a Jl20 .3.20 ll 
294<> .).40 w-m 0-ll 2860 .3.5o w-m 
2780 3.60 v-m C-K 2710 ,3.69 w-m 
2670 ,3.74 w-m. c-a not evident 
2580 .3.88 w-m. c-a 2580 J.8? 'W""''l 
24oo 4.16 1fl!'!lll c...;a: 2J90 4.18 w-m 
1665 6.01 s c::c 1668 6.oo s 
1600 6.25 s c::.Jr 1600 6.25 s 
14.50 6.90 w O...H 145.5 6.87 w-m 
1420 7.o4 m 
' 
1429 ?.oo m 
' lJ6.5 7.JJ w 
' 
1.380 7.25 m 
I 
1.332 7 • .50 m 
' 
1JJ2 7 • .50 m 
1.)08 7.66 m f lJlO ?.6.) s 
1254 7.97 m C-li 12.50 8.oo m 
11.50 8.70 w t 11.50 ?.69 w 
112.5 8.89 w ? 1111 9.00 m 
1020 9.81 w f 1014 9.87 m 
940 10.62 m t 9.36 10.69 m 
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TABLE IV (continued) 
As determined here :Band As determined by :Blout and Fields (8) 
assign-,..., Wave lio. Wavelength lntensi'tf* ment*• Wave lio. Wavelength Intensity* 
'cm::1i (micr2A!l (cm-ll (mi,cr~sl 
912 10.98 m t 898 11.13 m 
. 
845 11.82 w t 845 11.84 w-m 
. 
796 12.58 w t 792 12.63 m 
722 13.87 m l 722 1.).87 m 
. b) ~ne 
3200 3.12 m B-H 3200 .).12 m 
3050 3.28 m 0-lt 3030 3.30 s 
29.30 .).42 w-m CtooH not evident 
2820 3.55 w-m C-H not evident 
1745 5.75 s c::o 1760 5.68 s 
1675 5.97 s c::c, C=1i 1680 5.96 s 
1485 6.7.3 'P"IIl t 1500 6.67 w-m 
1455 6.87 m C-H 1445 6.92 m 
14.33 6.98 w-m t 1420 7.05 w-m 
. 
1385 7.23 w C-CH.3 1.381 7.24 w 
1248 8.02 m c-», c-o 124.5 8.o4 m 
1210 8.27 m t 1208 8.28 m 
I 
1045 9.57 w t lo48 9.55 w 
10.)0 9.71 w 1 1025 9.77 w 
985 10.16 w l 979 10.22 w 
9.35 10.70 w t 9.)0 10.77 w 
8.)5 11.98 m 1 838 11.94 m 
40. 
T.A:BLE IV (continued) 
As determined here Ba:Dd As determined by Blout and Fields (8) 
assign• 
Wave No. Wavelenth Intensity* ment** WAve No. Wavelength Intensity* 
(cm-1) (mg~o;asl !gm-1) (m~c~O;Q§) 
814 12.28 m t 814 12.28 w-m 
' 760 13.16 m ! 763 13.11 m 
740 13.51 w ! 741 13 • .50 w 
* The rough illdication of the intensity ranges of these bands is based on 
comparison with the C::C band. Bands which are of equal or greater intensity 
than this band are classed as .!. (strong); 111 (medium) bands are at least one 
half of this intensity, and the remaillder are classified as ~ (weak). Bazds 
of intermediate intensity are i:Ddicated. as mixtures of~. J! or .!.• 
** According to the assignments of Blout a.1ld Fields (8). 
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An attempt was made to quantitate several bands from each 
spectrum in order to show the validity of a quantitative infrared 
technique. Three complete experiments were run for adenine and two 
• 
for thymine for the purpose of checking the reproducibility of the 
molecular extinction coefficient (slope of the curve obtained by 
plotting o. D. vs. concentration expressed as moles per 150 miligrams 
KBr). The concentration values for each experiment appear in Table V. 
The determination of the molecular extinction coefficients of 
infrared absorption bands involve considerations which do not enter 
into the analagous problem in quantitative visible and ultraviolet 
spectrometry. 
From the expression of Beer-Lambert's Law has been derived the 
following equation: 
where 
l = max 1 cd I a ) I 
(max= molecular extinction coefficient 
c = moles unit 
d = length of absorption path 
and (log Io 
I 
) = the absorbance (optical density) at the absorption 
maximum. 
In the derivation of this expression for the molecular extinction co-
efficient it is assumed that the 0. D. is determined with pure mono-
chromatic radiation. This is never true in practice, but provided 
the slit-width is small in comparison with the ~alf-width of the band, 
the deviation from strict chromaticity will not appreciably alter the 
42. 
observed value of f max• Under the conditions normally employed in 
ultraviolet spectrometry this requirement is met, the slit-width to 
half-band width ratio seldom greater than 0.2 and usually much less. 
In the infrared the absorption bands are relatively narrower and 
ratios of 0.5 to 1.0 are commonly encountered (46). 
Robinson (59) shows in graph form the deviations from Beert.s 
Law at several different slit-width to half-band width ratios. For 
ratios of 0.2 and 0.4 there are no appreciable deviations from Beert.s 
Law (when measured from the band minimum); while for ratios of 0.8 
to 1.6 there are considerable deviations, especially so at the lower 
transmittances. Robinson states as a general conclusion that as 
long as the slit-width is less than the half-width of the band being 
studied, and the transmittance is in the usual range of study (i.e., 
between 25 and 60 per cent), there should be no deviations from Beer's 
Law. However, if the slit-widths are appreciably wider than the 
band-widths, deviations will occur, especially at the lower trans-
mittances. 
In order to determine the optimum slit-width for a given band, 
two windows of different concentration were selected at random, their 
o. D.'s measured over a range of slit widths, and (max determined 
for each value. It was found that at the lowest slit widths the ( ma: 
values varied considerably. As the slit width increases, the dif-
ference between the two (max values declines to some minimum value. 
The optimum slit width was then chosen as that one which would give 
a minimum difference between the two t max values, yield a slit 
width to half-band width ratio of 0.2 to 0.4 and still allow adequate 
resolution of the band by the spectrophotometer. 
) ) 
TABLEV 
ElPERIKBlmAL PB.O!OCOL 
a) .Adenine 
lfaight of Dr Vo~ume of Ui; of ,Adenine Concentrati.on 
par. f'lask (mg) StoCk Solution* per volume of Absorba.nea** )1.i; per 1.5 0 mg 
Samo1e ,!!!:1:) S~ock Sglutign at 26o !A j&tual*** Th!oretical**** ~ ;&!cQT&rJ: 
Al soo.o .5 5142.0 .281 152.1 162.6 93.5 
:8]. 502.4 6 65o.4 .333 180.3 194.2 93.0 
~ 5oo.4 7 758.8 .396 214.4 227.8 94.3 
1>]. 502.4 8 867.2 .459 248.5 259.0 96.0 
~ 500.9 9 975.6 .5o6 274.0 292.2 93.8 
]'1 502.9 10 1084.0 .575 311.5 323.9 96.2 
(\ 500.1 11 1192.4 .633 343.0 357.8 95.9 
Bl 502.6 12 1300.8 .666 361.0 388.8 92.9 
-'2 5oo.4 5 542.o .289 156.7 162.4 96.4 
:&2 501.7 6 65o.4 .329 178.1 194.8 91.5 
02 502.9 7 758.8 .388 210.1 226.0 93.0 
D2 500.7 8 867.2 .448 242.4 259.9 93.5 
Ez 502.0 9 975.6 .527 285.8 291.9 97.9 
]'2 500.5 10 1084.0 .573 310.0 325.5 95.3 
Gz 503.1 11 1192.4 .622 337.0 356.o 94.6 
~ 
• 
) ) 
TA:BLE V (continued) 
We~ of Dr Volume of \1€: of Adenine Concentration 
per flask (mg) Stock Solution* per volume of Absorbance** pg per 150 r.ag 
SaDJ:ple (ml) Stock So~utioB at 26o m1 .&QiuAl*** !b.eOJ;:!!iical**** 
' B!go:~:e.rz A_, 502.7 5 542.0 .254 137.8 161.9 85.1 
~ 502.4 6 650.4 .301 163.0 194.2 83.9 
C3 501.6 7 758.8 .J49 189.1 227.3 83.4 
D3 502.5 8 867.2 .400 216.9 259.0 83.7 
~ 502.8 9 975.6 .447 242.0 291.0 83.1 
]'3 501.9 10 1084.0 .499 270.1 325.0 8.).0 
G:3 500.4 11 1192.4 .547 296.0 .358.0 82.7 
-
b) ~ 
01 503.9 9 916.2 • .337 274.0 272.7 100.3 
~ 5o4.2 10 1018.0 • .)68 299.2 .)02.9 98.9 
~ 502.2 11 1119.8 .4o9 332.5 334.5 99.4 
l'l 503.7 12 1221.6 .443 360.0 363.8 99.2 
O:J. 502.4 1.3 1.)23.4 .492 4oo.o 395.1 101.2 
Hl 5o5.6 14 1425.2 .517 420.8 422.8 99.6 
j,z 502.4 9 916.2 .334 271.9 27.).9 99.3 
::e2 r 5o4.3 9.5 967.1 • .355 288.5 287.9 100.2 
Cz 502.4 10 1018.0 .371 301.9 303.9 99.4 
D2 503 • .3 10.5 1068.9 .39.3 319.8 318.7 100.1 t: 
• 
) ) 
B:BL1Il V (continued) 
Weight of Dr Volume of ug of Adenine Concentration 
per flask (mg) Stock Solution* per volume of .Absorbance•• )I& per lSO mg 
Sample (ml) Stock Solution at 260 m Act,,, ••• !J!beoreticaJ.**** f lecoyer;r 
12 so3.2 11 1119.8 .413 336.o 334.o 1oo.s 
]'2 505.4 12 1221.6 .447 363.0 362.2 100.1 
~ 
~ 
S04.S 
S02.7 
13 
14 
1323.4 
1425.2 
.486 
.S26 
39S.o 
428.0 
393.8 
426.0 
• Stock Soluti.ons : 108.4 micrograms of ed•Dine/ml 8.'Dd 101.8 micrograms of tlrsmine/ml. 
•• .Absorptioz:~. o£ lSO mg lyopbilised al.iquo.t diaaolved in 50 ml of water. 
••• For adenine, actual concentration = 0. D. x SO; for t:eyJnine, o. D. x SO • 
• 0923 .0615 
•••• For adenine and thymine theoretical concentration = micrograms of stock solution x lSO. 
weight of XBr 
100.3 
100.3 
& 
• 
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Table VI shows the values obtained in determining the optimum 
slit width for the 760 cmrl (13.16 microns), 1248 cm-1 (8.02 microns) 
and 1455 em-1 (6.87 microns) bands of thymine and the 940 cm-1 (10.62 
microns), 1254 cm-1 (7.97 microns) and 1308 cm-1 (7.66 microns) bands 
of adenine. In ease case the arrow points to the slit width chosen 
as being optimum for the particular band in question. 
Table VII shows the half-band widths, their slit widths, and 
the ratio of the latter to the former for each of the above-mentioned 
bands. 
For further control of day-to-day conditions of the Model 21 
infrared spectrophotometer see the Perkin-Elmer Instruction Manual 
Vol. 3B (55b). 
Three means for measuring Ia have been described (55a). 
I 
The method used for this investigation has been the "base line 
density" method. Here the spectrum of the sample in question is re-
corded through the analytical band at the predetermined slit width. 
(Perkin-Elmer recommends that for quantitative work the slits can be 
operated in the manual position and held at a constant value when 
one scans a given band). A "base line" is drawn between two care-
fully chosen wavelengths on either side of the maximum absorption, 
(see Figure 7~. I 0 is measured from the radiation zero to this base 
line and I from the radiation zero to the absorption curve. The 
theory and advantages of the "base line density" method have been 
covered more in detail by Barnes (3a) and Heigl (4la). 
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TABLE VI 
OPTIMAL SLIT WIDTHS FOR SlilVEIUL liAlms OF .ADENINE AND THYMINE 
"' 
a) 760 cm-1 (13.16 microns) band of t~ne 
Mechanical E 1D8.'X.'J. :x: 1 o-3 f ma.:x:2 :x: 1o-J ( ( max2 - ( max1) :x: 10-.3 slit ,dd,th 
150 64.6 71.9 7.3 
170 67.5 70.6 3.1 
190 67.9 70.6 2.7 
210 68.3 71.0 2.7 
250 68.3 71.0 2.7 
280 68.,3 71.0 2.7 
310 68.3 70.6 2.3 
350 67.9 70.6 2.7 
370 67.5 70.6 3.1 
390 67.5 70.2 2.7 
4oo 67.0 70.2 3.2 
450 65.6 69.7 4.1 
500 65.2 69.3 4.1 
5.50 64.2 68.4 4.2 
6oo 64.2 67.5 3.3 
6.50 • 63.3 67.1 3.8 
700 63.3 67.1 3.8 
750 62.4 66.2 3.8 
" 
Boo 62.4 65.3 2.9 
850 61.9 64.0 2.1 
900 61.5 64.0 2 • .5 
9.50 60.6 63.2 2.6 
1000 59.6 62.7 3.1 
48. 
TABLE VI (continued) 
b) 1248 cm-1 (8.02 microns) bam of teymne 
Mechanical f lD8.'X]. X 10•3 f ... 3 f ) x 10-3 slit width ma.x2 x 10 ( E max2- max1 
50 26.6 33.0 6.4 
70 34.7 39.0 4.3 
80 41.8 42.6 .a 
90 45.7 48.8 3.1 
100 48.9 51.7 2.8 
120 53.2 55.9 2.7 
140 54.6 57.6 3.0 
150 55.3 5a;5 3.2 
160 55.7 59.2 3.5 
180 55.1 59.2 3.5 
200 55.1 59.2 3.5 
230 55.7 58.2 2.5 
250 54.3 57.2 2.9 
270 
• 
53.9 56.2 2.3 
290 53.2 54.6 1.4 
300 52.5 54.3 1.8 
320 51.1 53.3 2.2 
34o 49.6 51.7 2.1 
360 48.3 so.? 2.4 
LJOo 46.1 49.1 3.0 
430 44.4 47.1 2.7 
460 42.6 45.2 2.6 
500 40.4 42.6 2.2 
49. 
~ VI (continued.) 
c) 1455 cm-1 (6.87 microns) ba.IId of t~e 
"' 
Mechanical 
X 10•3 f -3 ( ) X 10-3 slit width fmaxl max2 x 10 c ( max2- ma.x1 
50 62.3 111.1 48.8 
6o 86.2 111.8 2.5.6 
70 104.4 116.2 11.8 
80 114.1 124.,3 10.2 
90 116.9 130.2 1,3.,3 
110 121.7 133.0 11.3 
130 12,3.0 133.5 10.5 
150 12,3.0 133.5 10.5 
170 121.2 133.5 12.,3 
190 118.7 128.4 9.7 
210 116.2 124.9 8.7 
230 11,3.2 121.8 8.6 
260 108.,3 116.2 7.9 
290 104.4 
' 
110.4 6.o 
330 98.2 105.8 7.6 
4oo 91.5 94.9 3.4 
450 86.2 89.8 3.6 
so. 
TABLE VI (continued) 
d) 940 cm-1 (10.62 microns) band. of adenine 
" 
Mechanical 
slit width (JDa.."!C X 10-.) f~2 X 10-.) ( E - ( lll&':t ) X 10-J 1 ma.xz 1 
200 127.1 1S2.S 2S.4 
250 124.0 145.9 21.9 
.300 119.7 1.39.1 19.4 
.3SO 112.8 129.2 16.4 
400 107.0 121.0 1.3.0 
450 100.1 111.2 11.1 
soo 9,3.0 104.5 11.5 
sso 88.0 98.S 10.5 
6oo 8,3.6 90.9 7 • .3 
6SO • 79.2 84.2 5.0 
700 74.8 78.9 4.1 
7SO 70.5 7.3.7 ,3.2 
800 66.0 69.2 .).2 
85o 62 • .3 64.7 2.4 
900 59.1 58.6 
- 0.5 
9SO 56.o S4.1 
- 1.9 
1000 52.8 49.6 
- ,3.2 
51. 
T.A.'BLE VI (continued.) 
e) 1308 cm-1 (7.66 microns) band of adenine 
Mechanical f m&XJ. x 1o·3 (ma:x.2 x lo-3 ) x 1o-3 slit width ( (ma.x2 - (ma:x:l 
100 22.7 25.8 3.1 
120 22.6 24.9 2.3 
14o 22.1 23.7 1.6 
160 21.1 22.4 1.3 
180 20.7 21.1 .4 
200 19.5 19.8 .3 
220 18.6 18.7 .1 
250 
• 
17.2 17.1 
- .1 
f) 1254 cm-1 (7.97 microns) band of adenine 
100 6o.8 64.9 4.1 
120 • 61.6 65.4 3.8 
140 57.8 63.9 6.1 
160 59.0 61.5 2.5 
180 57.5 59.6 2.1 
200 55.6 57.2 1.6 
220 53.7 53.3 -o.4 
240 52.2 49.9 -2.3 
T.A.'BLE VII 
RATIO OF :aA.ND HALF-WIDTHs TO. SPECTRAL SLIT-WIDTHS 
a) Tcymine 
:sam 
cm-1 (microns) 
76o (13.16) 
1248 (8.02) 
145.5 (6.87) 
b) .Adenine 
940 (10.62) 
12.54 (7.97) 
1308 (7.66) 
Half-width• 
·(microns) 
.1.5 
.16 
.18 
.19 
.11 
• :Bruld width at half height 
Spectral 
slit-width•• Halt-width 
(microns) Spectral slit-width 
.o6 .40 
.o4 .2.5 
.o4 .22 
.o6 .32 
.o2 .29 
.o4 
•• Spectral slit~th is derived from graph and equation presented 1n Perkin-
Elmer Instruction Manual, Volume I, page 12, Figure 8.A.. 
52. 
53. 
BASE LINE DENS\TY MEIHOO 
100 ~----------------------------------~ 
so 
2 
9 
~ 
Ill f.&O 
1 
Ill 
z 
~ 
11. 
... 
40 
~ I 
z 0 
w 
0 
li 
Ill 20 I D. 
0~~----~------------------------~ 
WAV&NUMil£2 
FtGiUR.&: 
-----·- -----· 
54. 
In choosing the wavelengths on either side of the maximum ab-
sorption between which the base line is to be drawn, it is found in 
the majority of the cases that these points correspond to the ab-
sorption minimums of the particular band in question. A base line 
connecting these two points results in a line parallel or nearly 
parallel to the abscissa. However, some bands exhibit a Christiansen 
effect, i.e., a high transmission on one side of the absorption band 
and a low transmission on the other side due to a rapid change in ab-
sorption in the region of the band. An example of such a band is the 
1308 band of adenine and is shown in Figure 8. 
It was found that in these cases where Christiansen effects 
were evident, more reproducible values for the molecular extinction 
coefficient could be obtained by drawing the "base line" not from 
the two absorption minima of the band itself (thereby resulting in 
a base line at a sharp angle to the abscissa) but from the highest 
of the two minima to an absorption minimum of another band so situ-
ated that the line drawn is more nearly parallel to the abscissa. 
See Figure 8. 
Using the per cent standard deviation as a measure of the re-
producibility of the molecular extinction coefficient, Table VIII 
shows the greater reproducibility obtainable when using the more 
parallel base line for bands 1308 of adenine and 1455 of thymine. 
In the expression of Beer's Law (equation 1) it is seen that 
the extinction coefficient fmax is also a function of the length 
of the absorption path "d". In most colorimetric and spectrophoto-
metric techniques "d" can be ignored by the simple expediency of 
55. 
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T.A.m.Jl VI II 
COMPARISON OF HEPRODUCI:SILITY OF THE MOLECUlAR EXTINCTION 
COEFFICIENT WHEN CALCULATED FROM DIFFERENT :BASE LIDS 
( ~ :X: lo-3) Per cent ( ~max x 1o-J) Per cent 
:sam. Par~el base Stand.ard non-parallel Standard 
cm-1 (microns) line Deviation base line Del1ation 
Adenine 1308 (7.66) 156.3 3.9 126.3 5.7 
Thymine 1455 (6.87) 96.8 3.1 74.6 3.6 
57. 
keeping its value constant through all determinations. However, 
the very nature of the KBr-pressed pellet technique does not allow 
for constancy of window thickness. 
Because of slight imperfections in the die and despite the 
fact that all parts were designed to fit as snugly as possible, 
there is some leakage of KBr during the pressing procedure. Since 
the cross-sectional area of the various windows are fixed by the 
dimensions of the die, small differences in weight reflect small 
differences in window thickness. Table IX shows the weights and 
thicknesses of 24 pressed windows. The coefficient of correlation 
"r'' between the weight and thickness is .82, thereby justifying the 
statement that the weight of the window is a direct function of its 
thickness. 
Therefore, since each individual window varies in thickness, 
the final results must be corrected to a constant "thickness" by 
adjusting its weight to 150 mg. This is done by multiplying the 
observed absorbance by 150 • The final absorbance then 
wt. of window 
represents the optical density per 150 mg window. 
Another factor remains to be explained. Table IX also shows 
the per cent of theoretical density attained by each window. The 
values range essentially from 96-98 per cent of theoretical. Ex-
ceptions are windows 1, 6, 13 and 16 which show 92-95 per cent of 
theoretical. These four windows were chipped or broken along the 
edge. 
For this reason, the weights of windows 1, 6, 13 and 16 cannot 
be used in a correction factor for 11 d11 • What was done here was to 
sa. 
T.A:BLE IX 
diGHTS AND THICDESSES OF WINDOWS 
nmsw JeigQt (l!'lli:l* Thl,cknelils (mml i T~Q~etic~ ~e~li[** 
1 14.5.9 .5029 9.3 
2 150.1 .5029 96 
.3 149.7 .5055 96 
4 147.0 .4826 98 
5 146.4 .4902 96 
6 141.0 .4801 95 
7 147.2 .4851 98 
8 142.5 .4801 96 
9 142.6 .4699 98 
10 142.4 .4750 97 
11 152.6 .51.31 96 
12 158.4 .5182 98 
1.3 152.5 .5.3.34 92 
14 160.2 .5.3.34 97 
15 16,3.8 .5512 96 
16 157.7 ·5.359 94 
17 145.9 .4826 97 
18 148.5 .4902 97 
19 14.5.6 .4801 97 
20 149.7 .4978 97 
21 14,3.8 .4750 97 
22 147.7 .4851 98 
" 
S9. 
WLE IX (continued) 
lilldgw Weight (mg)* ~hick:ness (mm) f ~heoretica1 densitr** 
2.3 146.2 .4877 97 
24 147.7 .4902 97 
* :Based on au average 97 per cent theoretical density the weights of the following 
windows have been recalculated: 1 - 1S1.S; 6 - 144.9; 1.3 - 160.S; and 
16 - 161.4. 
** Per cent theoretical dens1 w = --..~we~~.:.~~i11111gh=.tz....l(...,l~OO..,)L--_:--_-----:~-----~ 
~sectional area (thickness) (density of XBr) 
60. 
calculate the weight of the broken windows from the thickness, assuming 
an average 97 per cent of theoretical density. This calculated weight 
was then used in determining the correction factor. 
In practice, weighing the window is all that is required for 
determining the correction factor. However, in those cases where 
the window is chipped (this occurred in only four windows out of 40 
prepared in this laboratory) thickness measurements are required. 
Table X shows the molecular extinction coefficients of several 
bands of adenine and thymine as calculated from observed optical 
density and corrected optical density. The per cent standard devia-
tions reflect the reproducibility of the individual coefficients. 
In the case of adenine, the reproducibility is not affected greatly 
by correcting for variations in thickness. In the case of thymine, 
the reproducibility is increased 2-3 fold. This may be explained 
by noting that the range of window weights for adenine is 142.4-152.6 
mg while that for thymine is 143.8-163.8 mg - i.e., almost twice as 
large a variation. 
Tables XI and XII show the molecular extinction coefficients 
of three individual bands of both adenine and thymine respectively, 
together with their per cent standard deviation and per cent standard 
error. 
a) Adenine 
T.ULE X 
REPRODUCI:SILITY OF TlDll MOLECULA:a EXTiliCTIOii COEF.FICIEBT .AS 
CALCULA.TlllD FB.OM TlDll O:SSERVlliD OPTICAL DENSITY VEBSUS 
TEE CORBECTED OPTICAL DENSITY 
Per cent :sam. 
cm-1 (microns) ( (max x 1o-J) ( f m&'lt X 1o-J) (observed o. D.) Standard (corrected o. D.) 
940 (10.62) 
1254 (7.97) 
1308 (7.66) 
b) Tcymine 
760 (13.16) 
1248 (8.02) 
1455 (6.87) 
115.9 
115.0 
154.3 
97.9 
64.0 
98.3 
Deviation 
5.6 117.9 
6.5 117.0 
3.7 156.3 
4.4 
6.6 
Per cent 
Sta.Dda.rd 
Deviaticm 
5.9 
6.8 
3.9 
2.0 
) ) 
TABLE XI 
MOLECULAR EXTINCTION COEFFICIENTS. FOR .ADENINE (M.W. : 1.35.1) 
1.308 em-
~ 1 • .3.3 .151 .155 116.5 .151 .155 116.5 I .205 .20.3 152.6 
c1 1.59 .168 .168 105.1 .168 .168 1o5.1 I .225 .225 141.5 
D1 1.84 .226 .2.34 127.2 .209 .216 117.4 l .292 • .302 164.1 
~ 2.03 .24o .240 118.2 .2.38 .2.38 117.2 .,326 .,326 160.6 
]'1 2.30 .268 .264 114.8 .285 .280 121.1 I • .372 .,366 159.1 
0:.. 2.54 .27.3 .274 107.9 .295 .296 116.5 l • .379 • .380 149.6 
~ 2.67 .289 .290 1o8.6 I .291 .292 1o9.4 I .4o2 .4o.3 150.9 
-'2 1.16 .121 .124 1o6.9 I .115 .117 1oo.9 I .167 .171 147.4 
!z 1 • .32 .146 .148 112.1 .1.39 .142 101.6 I .208 .211 159.8 
c2 1.55 .182 .188 121 • .3 .180 .186 120.0 i .2.34 .241 153.5 
D2 1.79 .215 .21.3 119.0 .199 .197 110.1 .286 .284 158.7 
m2 2.11 .252 .258 122 • .3 .215 .282 1.3.3.6 I .J4o • .348 164.9 
J2 2 • .30 .280 .278 120.9 .266 .264 114.8 • .372 .368 16o.o 
Gz 2.50 .287 .288 115.2 .277 .278 111.2 • .374 • .3?6 150.4 
:?;' 
• 
) ) 
TA:BLE XI (cont1nued) 
940 crl (10. 62 microns) 1254 crJ. (7. 97 microns) 11308 em-
Absorb. Absorb. ---- -· 
er unit**{.Q 10-3 ,,.. .. ,..,..,.. * .......... "'"'" +.*~ .. 1 n-3 ,,...,. ..... ,.. • _ ... _ ··-~ "'**' - , n-3 
"J 1.02 .ll9 .123 120.6 I .118 .122 ll9.6 I .158 .164 16o.8 
:83 1.21 .153 .156 128.9 .152 .155 128.1 1 .187 .191 157.9 
03 1.4o .170 .179 127.9 .167 .176 125.1 1 .220 .232 165.7 
D3 1.6o .187 .197 123.1 .185 .195 121.9 l .246 .259 161.9 
~ 1.79 .199 .202 112.8 .199 .202 112.8 .265 .268 149.7 
13 2.00 .2,58 .256 128.0 .250 .248 124.0 .311 .309 154.5 
G3 2.19 .253 .266 121.5 .262 .276 126.0 .329 .346 158.0 
mean- 117.9 I mean- ll7.0 mean- 156.3 S.D. - 1.0 (5.~) S.D. - 8.0 (6.~) S.D. - 6.1 (3. 
s.E. - 1.5 (l.:i') s.:m. - 1.7 (1.5~) s.:m. - 1.3(0.~ 
• As measured by the "base line" method. 
•• The unit be inc taken as 150 mg window. 
~ 
• 
) ) 
T.A:BLE nx 
MOLECULAR EXTDtOTION' COEDICIENTS FOB. !l!llYMlml (M.W. : 126.1) 
1248 em- 1455 em-
~ 2.4o .243 .230 95.9 .159 .151 62.9 I .250 .23? 98.? 
~ 2.65 .269 .251 94.? .1?6 .165 62.3 I .2s2 .264 99.6 
:r1 2.88 .294 .2?5 95.5 .192 .180 62.4 I .295 .2?6 95.8 
~ 3.13 .)22 .295 94.3 .216 .198 63.3 I .333 .305 9?.5 
~ 3.35 .354 .329 98.1 .238 .221 65.9 r .366 .340 101.4 
"'z 2.17 .210 .216 99.7 I .135 .139 64.1 I .205 .211 9?.3 
~ 2.28 .226 .228 100.0 .142 .144 63.1 .217 .219 96.0 
02 2.41 .228 .235 97.5 .148 .153 63.5 .224 .231 95.9 
D2 2.53 .238 .239 94.4 .15? .158 62.5 I .241 .242 95.? 
lll2 2.65 .243 .253 95.4 .157 .164 61.9 f .24o .250 94.4 
l2 2.87 .269 .2?3 95.2 .175 .1?8 62.0 ! .263 .267 93.0 
~ 3.12 .285 .292 93.7 .189 .194 62.2 1 .29o .298 95.5 
B2 3.38 .314 .319 ~ .20? .211 ~ l .310 .315 ....2.J.2 
...... _ 96.) I mean - ~.2 mean- 96.8 
S.D. - 1.9 (2.~) S.D. - 1.0 (1.~) S.D. - 3.0 (3.1~) 
s .lll. - o.5 (o.~) s.:m. - o.3 (o.5~) s.:m. - o.8 (o.~) 
* As measured by the ''base line" method.. 
** The unit being taken as 150 mg wiDdow. 
~ 
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METHOD 
From what has gone before, the method of procedure may now be 
summarized as follows: 
1). An accurately weighed 500 mg sample of Mallinckrodtts "A.c.s. 
specified" KBr is placed in each of eight 100-ml round bottom flasks 
equipped with standard glass joints designed to fit an eight-flask 
lyophilization manifold (see page 21). 
2). Varying volumes (from 5-12 ml) of a stock aqueous solution of 
nucleic acid derivative (100 micrograms ml) are added to each 
flask. Where the volume is less than 12 ml the difference is made 
up by the addition of an appropriate quantity of distilled water. 
The KBr previously added dissolves readily in the solution (see 
pages 30 and 31). 
3). The solution in each flask is rapidly shell-frozen by immersion 
and rotation of the flask in a mixture of dry ice and methyl cello-
solve. The flasks are kept in the freezing mixture for a minimum 
of 30 minutes in order that the temperature be brought low enough 
to prevent melting during the manipulations necessary to set up the 
lyophilization manifold (see pages 19, 20 and 22). 
4). The eight flasks are attached to the lyophilization apparatus in 
a minimum of time. Four hours t, lyophilization are required for ade-
quate drying. In the case of adenine there is some loss through 
sublimation, and this is corrected for as described in step 5 (see 
pages 30-36). 
5). From the dry lyophilized mixture of adenine and KBr within each 
flask, a 150 mg aliquot is removed and weighed accurately. The aliquot 
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is placed in a 50-ml volumetric flask and brought to volume with 
distilled water. The concentration of adenine in the solution (and 
therefore in the lyophilized mixture) is determined by measuring 
the ultra-violet absorption and comparing it with a previously 
prepared standard curve of absorption (U.V.) versus concentration. 
Loss through sublimation is reflected in the loss of U.V. absorption 
and can be corrected for. Step 5 may be eliminated in the case of 
thymine which suffers no sublimation losses (see pages 30-36). 
6). Another 150 mg aliquot of the lyophilized powder is taken and 
pressed into a transparent disk by means of a hydraulic press capable 
of delivering a total pressure up to 30,000 pounds. An evacuated 
cylindrical die is used and the resultant "window" is a cylinder 
12 mm in diameter and approximately 0.5 mm in thickness (see pages 
25-30). 
7). Each window is then placed into a specially-designed sample 
holder and set in the sample-beam of the infrared spectrophotometer. 
With the operating conditions of the instrument rigidly controlled 
so as to allow reproducible quantitative results from day to day, 
the spectrum of the sample from 2.5-15 microns (4000-650 cm-1) is 
recorded. Individual peaks of the spectrum are then quantitated 
(see pages 37- 64). 
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DISCUSSION AND CONCLUSION 
The major aim of this investigation was to develop a quantita-
tive technique for the infrared analysis of purines and pyrimidines 
with the intention of extending the technique to the analysis of 
other hydrolysis products of the nucleic acids and of the nucleic 
acids themselves. It is hoped that the technique may be utilized 
in the investigation of the "fine changes" occurring in nucleic 
acids and derivatives after exposure to high energy radiation. 
The method adopted for the quantitative technique is the 
"pressed pellet" as introduced independently by Schiedt (6la, 6lb, 62) 
and Stimson (68, 69). In this technique powdered halide salt is con-
verted under moderate pressure into clear pellets (windows) with 
good infrared transmission. By mixing various measured amounts of 
a finely ground sample under investigation with the halide salt be-
fore pressing, the concentration in the resulting "window" can be 
controlled quantitatively. 
Of the several methods Schiedt discusses for dispersing a 
sample uniformly in KBr, the most promising is based on the observa-
tion that during rapid cooling of organic samples in solution, sub-
microscopic particles of solute 0.01 to 0.05 microns in diameter 
were obtained as compared with particles of approximately 10 microns 
in diameter obtained by supersonic vibration. Since the particle 
size bears directly on the loss of light energy due to scattering 
and since, in turn, the loss of energy affects the accuracy of a 
quantitative spectroscopic technique adversely, Schiedt recommends 
6S. 
the lyophilizing technique with its resultant submicroscopic particle 
size as the one which would lead to most reproducible quantitative 
results. 
Another factor also influenced the decision to utilize lyo-
philization as the technique for dispersing a sample in an alkali 
halide. As has been pointed out above, the aim of this investigation 
was to develop a quantitative technique for studying high-energy 
radiation effects on the nucleic acids and their derivatives. 
Butler and Smith (16), Conway, Gilbert and Butler (26) and Scholes 
and Weiss (63) have shown that X-rays produce their effect on aqueous 
solutions of nucleic acids not directly but by first ionizing the 
water into free radicals, these then producing the observed effect 
on the nucleic acids. Also, Pasynskii and Pavlovskaya (54a) showed 
that human serum albumin when irradiated as an aqueous solution with 
ultraviolet gave a different infrared absorption spectrum than when 
irradiated as a dry film. These observations lead to the reasonable 
belief that the effects of in vitro radiations would approximate 
in vivo radiations only if performed in an aqueous solution. 
Although the irradiations must take place in aqueous solutions, 
the final irradiated product must be analyzed in the solid state. 
(as has been pointed out in the History the best method available 
today for studying the nucleic acids in the infrared is as a solid.) 
It occurred to the investigator that the best way to bridge this gap 
between aqueous solution and solid sample was to utilize the lyophi-
lization technique. Added to the advantage of obtaining the sample 
in a state suitable for spectral analysis is the fact that lyophilizing 
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yields the best quantitative results. It is for this reason that 
lyophilization has been investigated as the method of dispersing the 
sample uniformly in the KBr. 
During the course of the investigation it was noted that the 
concentration of adenine in KBr decreased with the length of time of 
lyophilization, although the same effect did not hold true for thymine. 
Sublimation of adenine during the lyophilization process may be the 
answer for this observation. The quantitation of adenine cannot be 
expected to be valid unless the sublimation losses are taken into 
account. 
Pressing conditions were investigated. Since quantitative 
errors due to scattered light are most serious in the lower wavelength 
region, the par cent transmission of infrared light at 2.5 microns 
was taken as a test of energy loss. Where the per cent transmission 
approaches 100 per cent, it was assumed that the loss of energy due 
to light scattering was at a minimum. Using this empirical method 
the optimal pressing conditions were found to be 25-30,000 pounds 
total force exerted for a period of five minutes. 
There is also need for standardizing the slit widths of the 
spectrophotometer because of deviations inherent in infrared spectro-
scopy itself. The optimal slit width was found to vary with the 
wavelength and the half-width of the band. 
The molecular extinction coefficients for three randomly selec-
ted bands of both adenine and thymine are presented in the body of 
this thesis. The reproducibility (or precision) has been found to 
range from 4-7 per cent for adenine and from 2-3 per cent for thymine. 
The accuracy of the technique is therefore considered adequate for 
the purposes of this investigation. 
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The increased precision for thymine may be accounted for by the 
fact that its molecular extinction coefficients were calculated from 
its theoretical concentrations. This was done since it was known 
that the concentration of thymine did not decrease during lyophiliza-
tion. In the case of adenine, the concentrations used for calcula-
tion of the molecular extinction coefficients were based on the values 
obtained by dissolving an appropriate amount of KBr-adenine powder 
in water and reading its adenine concentration from a standard ultra-
violet curve. This procedure, then, introduces several additional 
sample manipulations, each one contributing its own experimental error. 
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v. 
ABSTRACT 
Nucleic acids form major portions of the genes and mito-
chondria and seem of primary importance in both normal and abnormal 
growth, in heredity and reproduction, and in the determination of 
the chemical and biochemical properties of the individual cell (25, 
28). Alterations in the nucleo-protein of genes are probably direct-
ly involved in carcinogenesis and radiotherapy. A knowledge of the 
exact nature of these changes implies the possibility of insight 
into means for their prevention and/or reversal. 
The effect of high energy radiation on nucleic acid structure 
has been intensively studied in recent years (16, 26, 63). Ultra-
violet radiation in certain ranges alters the ring systems of the 
purine and pyrimidine components (19, 57a) and affects the pentose 
components as well (58a). In the case of the purines and pyrimidines. 
such changes have generally been follovred by means of ultraviolet 
spectrophotometry. While of undeniable use in many problems, ultra-
violet spectrophotometry is incapable of detecting minor changes in 
a molecule. Thus, the adenine and quanine which occur in nucleic 
acids have the same purine ring structure, differing only in the 
substituents thereto attached. Uracil, thymine and cytosine contain 
the same pyrimidine nucleus and differ only in their substituents. 
In spite of these finer differences all five bases mentioned present 
nearly the same absorption picture in the ultraviolet region. 
Thus, if light doses of ultraviolet radiation changed one 
base into another, this conversion could not be detected by ultra-
vi. 
violet spectrophotometry. No significant change could reasonably 
be expected in the ultraviolet spectrum until the chemical effect of 
radiation had proceeded to the point 1-lhere the purine or pyrimidine 
ring system itself had been broken. There i.vould then follow a marked 
loss of absorption in this region of the spectrum. Ring-breakage, 
however, may be considered a relatively late state in the radiation 
induced changes in nucleic acids. 
Another form of high energy radiation much investigated with 
respect to nucleic acids is X-radiation. The high energy photons of 
X-rays, impinging upon the irater molecules, split them to form reac-
tive free radicals. These free radicals in turn attack nucleic acid 
which may be present in solution and depolymel~ize or other1Iise alter 
the molecule (16, 26, 63). Such structural changes have been fol-
lowed by studying the viscosity, anisotropy and sedimentation con-
stants of the solution. In such cases the only type of chemical al-
teration which can be detected is the breaking of the polynucleotide 
chain into smaller fragments. Chemical alterations which precede 
this break or which involve portions of the molecule not involved 
in the main internucleotide linkage would, of necessity, go undetected. 
It would seem of the highest importance to determine the "fine 
changes" in nucleic acid structure which are, unfortunately, slurred 
over by the experimental techniques described above. It is attractive 
to think that carcinogenesis, in nature, is more likely to be the 
results of repeated small stimuli bringing about a cumulative change 
built up of very minor alterations in the molecule, than the result 
of a massive carcinogenic dose (whether chemical or radiant) bringing 
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about a drastic change, as it often is in the laboratory. Infrared 
spectroscopy, with its specificity for atomic bondings and groupings, 
might well be an analytical tool specifically useful for the deter-
mination of minute changes within the nucleic acid molecules. 
It is for this purpose that this investigation has been devoted 
to the development of the basic techniques involved in infrared spec-
troscopy. As a first step in the development of infrared spectro-
scopy as an adequate analytical tool for detection of "fine changes" 
in nucleic acid molecules, quantitative infrared determination of a 
representative purine and pyrimidine was undertaken. 
There are reported in the literature several sampling tech-
niques for infrared spectroscopy (35, 42, 47, 66). Although any of 
these techniques may suffice for some particular study of nucleic 
acids, all of them suffer from the fact that it is difficult, and 
even in some cases impossible, to adapt them for quantitative studies. 
First, there are difficulties in controlling sample concentration 
and film thickness, and secondly, there are uncertainties arising 
from energy losses due to light scattering, especially in the lower 
wavelength region. However, in 1951-1952 two independent investiga-
tors, Schiedt (6la, 6lb, 62) and Stimson (68, 69), introduced simul-
taneously a new sampling technique which was adaptable to quantita-
tive studies. 
The technique is based on the fact that powdered halide salt 
can be converted under moderate pressure into clear plates with good 
infrared transmission. If a finely ground sample under investigation 
is uniformly mixed with the halide salt before pressing, its concen-
tration in the resulting plate or "window" can be readily controlled. 
viii. 
The major advantages of this technique are: 
1) No scattering losses, especially in the short wavelength 
region. 
2) No obscuring of spectral regions by the suspending medium 
since KBr transmits out to 25 microns. 
3) Considerably better separation and sharpness of bands, 
since almost molecular dispersion is obtained. 
4) Quantitative work is considerably simplified and more accu-
rate since only the proportion of sample to halide powder 
need be known and background effects or bands interfere 
with the sample absorption. 
5) Samples may be stored for future reference since there is 
no evaporation of solvents or changes in composition. 
6) The need for standard liquid cells and for microcells is 
eliminated, thereby resulting in increased economy. 
For these reasons the trpressed pellet" technique was used ex-
clusively in this investigation. Lyophilization was investigated as 
a method for homogeneously dispersing the nucleic acid derivative in 
the alkali halide. The effect of lyophilization on the sample con-
centration was studied as were the pressing conditions necessary for 
adequate spectral windows. Also presented are the optimal slit 
widths to be used in quantitating each individual band. Molecular 
extinction coefficients were calculated for the 760 cm-1 (13.16 mi-
crons), 1248 cm-1 (8.02 microns) and 1455 cm-1 (6.87 microns) bands 
of thymine and 940 cm-1 (10.62 microns), 1254 cm-1 (7.97 microns) and 
1308 cm-1 (7.66 microns) bands of adenine. These values are shown in 
Tables XI and XII along with their standard deviations and standard 
errors. 
